Background: Median arcuate ligament syndrome (MALS) is a condition characterized by chronic abdominal symptoms associated with median arcuate ligament compression of the celiac artery. The selection of patients is difficult in the management of MALS. This study aimed to identify factors that predict outcomes of surgical and nonoperative treatment in these patients.
The treatment of MALS has been a controversial issue since the condition was first described in 1963. 4 Surgical decompression of the celiac artery is currently the mainstay of treatment for MALS. 5 However, some clinicians consider the association between celiac artery compression and chronic abdominal symptoms to be coincidental and therefore advocate nonoperative management. 6 Hence, the management of MALS can be divided into surgical and nonoperative treatment. Surgical management has evolved during the past five decades, but long-term outcomes remain variable, with symptom relief occurring in 65% to 87% of treated patients. [7] [8] [9] In clinical practice, selection of appropriate patients for surgical treatment remains difficult because both clinical and radiographic features of MALS are nonspecific. 6, 10 As well, there is insufficient understanding of the clinical predictors of treatment outcomes. After investigations negative for other pathologic processes, the patient and referring clinician may fixate on the radiologic finding of median arcuate ligament compression as the cause and have a strong desire for surgical intervention. Thus, there is a need to improve the selection criteria for surgery and the outcomes overall.
Outcomes in patients with proven median arcuate ligament compression of the celiac trunk who have not undergone surgical decompression (ie, nonoperative management) have been reported in three small studies with widely variable results, such as symptom relief being achieved in between 0% and 75% of this group. [11] [12] [13] Thus, this is another group worthy of assessment in more detail. The current study identified a contemporary cohort of symptomatic patients with compression of the celiac artery by the median arcuate ligament and then retrospectively assessed the outcome predictors for those selected to undergo surgical treatment. In addition, the outcomes from those who did not have surgery (ie, nonoperative management) were similarly assessed.
METHODS
MALS was defined as the presence of both unexplained chronic abdominal symptoms and celiac artery compression. Celiac artery compression was defined as celiac artery peak systolic velocity (PSV) >200 cm/s on duplex ultrasound or >50% diameter reduction of the proximal celiac artery on angiography, which may be digital subtraction angiography, computed tomography angiography, or magnetic resonance angiography. Radiologic findings were collected from the radiologists' reports instead of original scan images because the imaging laboratories did not regularly preserve the original images. All patients included in this study fulfilled this definition of MALS.
Study design. After approval from the Metro South Health Research Ethics Committee and the University of Queensland School of Medicine Ethical Review Committee, patients referred for assessment and management of suspected MALS between 1998 and 2013 were identified by the treating clinicians (four general and three vascular surgeons) from the clinical records from two Brisbane tertiary teaching hospitals (Princess Alexandra Hospital and the Royal Brisbane and Women's Hospital) and from patients referred to a vascular imaging laboratory (Queensland Vascular Diagnostics). A retrospective review of all patient records was conducted. Information including demographics, clinical features at the time of presentation, investigations performed and the results, and treatment provided to the patients was recorded and maintained using Microsoft Excel (Microsoft, Redmond, Wash). An attempt was made to contact all patients through mailed invitation letters with a follow-up telephone survey assessing the outcomes of their treatment. Informed consent was obtained for all patients who were contacted for the survey.
The survey included three outcome measures:
1. Visick score, a subjective comparison of pretreatment and post-treatment symptom severity whereby patients describe their symptomatic outcome with four options (asymptomatic, improved, unchanged, and worsened). This scoring system has been previously used to evaluate the outcomes of surgical treatment of MALS. 10 2. Gastrointestinal Symptom Rating Scale (GSRS), a 15-item survey assessing the degree of "bother" from 15 gastrointestinal symptoms on a scale of 1 (none) to 7 (very severe). 3. 12-Item Short Form Health Survey (SF-12), a 12-item survey that assessed the health-related quality of life. Results from this survey were converted into two scores, the physical composite score and the mental composite score, using the standardized SF-12 formula available online. Adjusted composite scores were then calculated from the difference between each patient's composite scales and the published Australian norms of the corresponding gender and age groups. 14 A positive adjusted score can be interpreted as a higher quality of life of the patient compared with the Australian norm. A negative adjusted score can be interpreted as a lower quality of life of the patient compared with the Australian norm.
For those patients who could not be contacted, a Visick score was developed from the clinical notes at the time of the last follow-up assessment. In the event that a patient who had treatment for MALS had an additional abdominal operation for an unrelated condition, the Visick score was assessed using the clinical notes from the last follow-up appointment before the second procedure. Where there were insufficient clinical notes for the Visick score to be assessed, the patient was excluded from the study. A favorable outcome was suggested by subjective improvement of symptoms as indicated by the Visick score, lower GSRS scores, or higher adjusted SF-12 composite scores. Cure was defined as being asymptomatic at the time of follow-up as reported by the patient.
Surgical approach.
Both laparoscopic and open surgical approaches were used. The supraceliac abdominal aorta was approached through dissection of the gastrohepatic ligament and the parietal peritoneum over the right crus of the diaphragm. Typically, the approach was lateral to the right crus through the diaphragm. The dissection was continued caudally on the anterior wall of the abdominal aorta. Distally, the celiac trunk was identified by following the left gastric artery proximally. With an approach from above and below, the compressive band across the proximal celiac artery was identified. The compressive band was divided (Fig) , and further dissection was performed to divide any other compressive tissues surrounding the celiac artery until the proximal celiac artery was exposed completely. Postoperatively, imaging studies were not routinely performed.
Data analysis. Data collected from medical records and telephone surveys were collated and analyzed using IBM SPSS Statistics (IBM Corp, Armonk, NY). In identifying outcome predictors, associations between nominal factors and Visick scores were analyzed using linear-bylinear associations. One-way analysis of variance was used to compare scale variables between patients with different Visick scores. Because of the relatively small sample size in this study, the Visick scores were stratified into two groups: those who were asymptomatic at the time of follow-up (ie, cured) and those who remained symptomatic (ie, not cured). The 2 Â 2 Fisher exact tests were used to analyze the associations between cure and nominal factors; t-tests were used to compare scale variables between patients who were cured and those who were not cured.
Correlations between scale outcome measurements (GSRS scores and adjusted SF-12 composite scores) and scale variables were analyzed using Spearman correlation. Mann-Whitney tests were used to compare scale outcome measurements (GSRS scores and adjusted SF-12 composite scores) between two groups of a nominal factor. For all analyses, a P value of <.05 was considered significant.
RESULTS
Patient characteristics. There were 67 patients identified who fulfilled the defined criteria of MALS, with 43 treated surgically and 24 managed nonoperatively. The key pretreatment characteristics are summarized in Table I .
Surgical treatment details. Laparoscopic decompression was performed in 38 cases (88%). One case (3%) was converted to an open operation because of left gastric artery bleeding. Open decompression was performed in five cases (12%). One patient had a percutaneous angioplasty and stent insertion 1 month after open decompression because of persistence of symptoms. One patient received a patch angioplasty during open decompression because the celiac artery did not expand after decompression.
Postoperative outcomes. The key outcome results are summarized in Tables II and III . Telephone surveys were completed in 32 (74%) surgical patients. In the 11 cases for which there was no personal contact, the Visick score were derived from medical records. After a median follow-up of 25 months (interquartile range, 6-72 months), 93% of surgically treated patients reported symptomatic improvement, including 37% who were asymptomatic (cured). One patient experienced late recurrence of symptoms 9 months after laparoscopic decompression. After an open aortoceliac bypass, this patient was asymptomatic at the last follow-up 15 years later.
Postoperative vascular imaging studies were performed in 19 (44%) patients because of persisting symptoms in the early phase of postoperative follow-up. Of these, 13 (68%) had duplex mesenteric ultrasound scans, 2 (11%) had computed tomography angiography, and 4 (21%) had digital subtraction angiography. Residual stenosis of the celiac artery was present in five (26%) patients. There was no further action in this group of patients. With longer follow-up, another five (26%) patients in this group became asymptomatic, including one patient who was shown to have residual celiac stenosis.
Outcome predictors of surgical treatment. Several clinical features were associated with Visick scores. In contrast, no clinical features were associated with significant differences in GSRS scores or adjusted SF-12 physical or mental scores.
Postexertional pain was associated with lower Visick scores (P ¼ .022) and with being cured (Fisher exact test, P ¼ .037). Unprovoked abdominal pain (ie, abdominal pain not related to meals or exercise) was associated with higher Visick scores (P ¼ .006) and persistence of symptoms (Fisher exact test, P ¼ .045). Presentation with vomiting was associated with higher Visick scores (P ¼ .046), and none of these patients were cured.
Age at presentation, gender, postprandial pain, weight loss >9 kg, nausea, bloating, and presence of an epigastric bruit were not significantly associated with the level of the Visick score or being cured. Among the 28 patients who had available preoperative duplex mesenteric ultrasound reports, celiac artery PSV was not different between patients with different Visick scores (F ¼ 0.94; P ¼ .40). Among the 31 patients who had available preoperative angiography reports, presence of >70% diameter stenosis was not associated with Visick scores (P ¼ .52). Poststenotic dilation was not associated with Visick scores (P ¼ .36).
Nonoperative management. There were 24 patients treated with nonoperative management. Telephone All patients with <50% stenosis on angiography were diagnosed with positive duplex mesenteric USS.
surveys were completed in 11 (46%) nonoperatively treated patients. Management included dietary alteration in six patients (25%; reduction of meal portions or limiting specific foods), medical therapy (analgesia, laxatives, and antacid therapy) in three patients (13%), and counseling by a psychologist in one patient. No specific action was taken in 14 (58%) patients. The key outcome results are summarized in Tables II  and III . At a median follow-up time of 24 months (interquartile range, 7-48 months), 8 patients (33%) had less severe symptoms, including 1 patient who was asymptomatic; 12 patients (50%) had no changes in their symptoms, but 4 patients (17%) experienced worsening of symptoms.
Age at presentation, gender, postprandial abdominal pain, postexertional abdominal pain, unprovoked abdominal pain, weight loss of >9 kg (20 pounds), nausea, vomiting, diarrhea, and epigastric bruits were not associated with any outcome measures. Celiac artery PSV and degree of celiac stenosis on angiography were also not associated with any outcome measures after nonoperative treatment. The type of nonoperative management (ie, no further action vs dietary or medical therapy) was not associated with any outcome measures.
Differences in pretreatment characteristics between groups. Several pretreatment characteristics of the surgically treated patients were significantly different from those of nonoperatively treated patients. Surgically treated patients were younger (t ¼ 3.06; P ¼ .003) and were more likely to have presented with epigastric bruits (Fisher exact test, P ¼ .001) and expiratory exacerbation of celiac artery PSV (Fisher exact test, P ¼ .046). Patients who had nonoperative management were more likely to have presented with unprovoked abdominal pain (Fisher exact test, P ¼ .032), history of psychiatric illness (Fisher exact test, P ¼ .021) and previous cholecystectomy (Fisher exact test, P ¼ .008).
DISCUSSION
We have reported on the outcomes of a cohort of patients with radiologically demonstrated celiac artery compression and chronic abdominal symptoms who have been considered to have MALS. In those patients selected to have surgical decompression, improvement occurred in 93%, with 37% losing the presenting symptoms. In a group who were treated without surgery, one-third of the conservatively treated patients reported improvements in their symptoms, with one patient (4%) reporting complete symptom relief. The challenge is to select the appropriate patient with chronic abdominal symptoms for surgical treatment. The current study was an attempt to identify factors that may predict outcomes to assist clinicians who may see patients with this condition. We found postexertional abdominal pain to be associated with better surgical outcomes, whereas unprovoked abdominal pain (ie, abdominal pain that was not related to meals or exercise) and vomiting were associated with poor surgical outcomes. There was no association between postprandial pain and outcome. In 1985, Reilly et al, 15 in a study with a mean follow-up of 9 years, reported good surgical outcomes to be correlated with female gender, younger age, postprandial abdominal pain, significant weight loss, lack of psychiatric history, and catheter angiographic features of poststenotic dilation and increased collateral flow. In two smaller series of cases, pain related to hunger or meals and a lack of nongastrointestinal symptoms and postprandial pain have been reported to be correlated with good outcome after surgery. 10, 16 In the latter study, the sample size was small and the methods used to identify postprandial pain as a significant outcome predictor were not well described. Postexertional pain was the only factor in this study that was predictive of better surgical outcome; however, the number of patients was small (n ¼ 8), with six patients (75%) cured and two (25%) patients symptomatically improved. Previously, postexertional pain has been reported to be associated with MALS but has not been correlated to surgical outcome. 17, 18 Most contemporary literature supports the theory that compression of the celiac artery by the median arcuate ligament leads to relative gut ischemia, causing the recurrent abdominal symptoms. 1, 8, 15 An alternative "neurogenic" theory suggests that the median arcuate ligament compresses the neural tissue surrounding the celiac artery origin, leading to neuropathic pain. 7, 19 During exercise, vascular resistance of the celiac and mesenteric arteries increases, which would exacerbate ischemia and produce postexertional pain. 20 Diaphragmatic movements may also irritate the neural tissue surrounding the celiac artery. Postexertional pain may be a significant outcome predictor because it is a marker for functionally significant vascular compromise caused by compression from the median arcuate ligament that is otherwise asymptomatic. Our results are consistent with previous studies that have reported poor outcomes in patients with atypical patterns of abdominal pain. 10, 15 Vomiting has been described as a symptom of MALS in several case series. 17, 21 We found that a presentation with vomiting was a poor surgical outcome predictor, with the five patients who had this symptom remaining symptomatic after the surgery. None of the patients who presented with postexertional pain also presented with vomiting. Thus, clinicians should be cautious with respect to the role of celiac decompression in patients with vomiting and patients with unprovoked abdominal pain. Postprandial pain has long been regarded as the hallmark symptom of MALS. This symptom was not associated with surgical success in our study, which contrasts with older studies. As well, in the past, significant weight loss (>20 pounds [9 kg]) has been correlated with better surgical outcomes, but we did not find this association. 15 Weight loss in the setting of MALS is thought to be a consequence of food avoidance rather than a primary abnormality of gastrointestinal function. 1, 5 With the recorded prevalence varying from 36% to 74%, it is likely that individual responses to abdominal pain and dietary habits may have a substantial impact on whether the patient experiences weight loss. 9, 12 Finally, one study reported female patients to have a higher rate of clinical improvement after surgical treatment, but this association was not found to be significant in the current study. 15 It has been demonstrated that intimal fibrosis and medial disruption can be present in celiac arteries that were compressed by the median arcuate ligament for a prolonged period. 22, 23 This may be a potential cause for residual pain because the intrinsic vascular changes may impair the ability of the celiac artery to vasodilate in the postprandial period, thereby causing ischemia and residual pain, even after decompression of the vessel. We cannot comment in depth because postoperative imaging was not routine in this series. It was restricted to those patients with persisting symptoms. In this group, 26% of patients had a residual stenosis.
With the availability of noninvasive imaging, future practice should include routine postoperative imaging to assess the celiac trunk and blood flow. Few attempts have been made to identify MALS patients who are likely to benefit from nonoperative treatment. One study of 12 patients who were observed for 3 to 11 years concluded that there were no clinical factors associated with outcomes after nonoperative management. 12 We also found no useful outcome predictors from the demographics, clinical features, and imaging results in a small group of patients. In a retrospective study, it is not possible to predetermine the criteria used by the clinicians to select patients for surgery. However, the current practice of selection of patients is reflected in the differences of pretreatment characteristics between the two treatment groups. Patients who presented with epigastric bruits and expiratory exacerbation of celiac compression were more likely to receive surgical treatment, whereas patients who presented at an older age, with unprovoked abdominal pain and a history of psychiatric illnesses, were more likely to receive nonoperative treatment for MALS. Aside from this selection bias, our study and previous studies would suggest that selection of patients in the future may be improved by also selecting patients with postexertional pain for celiac decompression and by discouraging patients with vomiting.
There are several important limitations in this study. First, the median follow-up time of 25 months is relatively short. One small study of eight surgically treated patients reported no symptoms at an average of 6.8 years but recurrence to some degree by 19 years. 24 The shorter median follow-up may be an explanation for discrepancies in outcome predictors identified in our study compared with a previous study with a mean follow-up of 9 years. 15 The lack of standardization of preoperative assessment and imaging studies and routine postoperative imaging is also a major limitation. Worthy of consideration in the future to assess this group of patients are gastric exercise tonometry and celiac plexus block. In one study, gastric exercise tonometry was used in patients with celiac artery compression to confirm postexertional mucosal ischemia by demonstrating decreased gastric mucosal pH after 10-minute cycling exercises. 25 In this study, 30 patients were diagnosed with gastrointestinal ischemia, including 29 patients who had abnormal tonometry results. Of these 30 patients, 29 were treated surgically to revascularize the celiac artery, including 22 having celiac artery decompression alone, and 24 (83%) were asymptomatic after a median follow-up of 39 months. Although gastric tonometry was not their sole method of diagnosing MALS, the high rate of surgical success reported in the study compared with our results and other previous reports suggests that this may be a useful investigation. In another contemporary study, preoperative celiac plexus blockade with local anesthetic was used in patients with atypical presentations. 26 In this series, 33 (85%) of 39 patients reported symptom relief after laparoscopic release of the median arcuate ligament, including 4 (10%) that were converted to open surgery. Five patients in the study underwent celiac plexus blockade, with four (80%) reporting temporary symptom relief. All four respondents to celiac plexus blockade had resolution of symptoms after surgical treatment. Despite the small sample size, their excellent results suggest that celiac plexus block is a promising novel investigation.
CONCLUSIONS
Whereas many aspects of MALS remain unclear, the available evidence suggests that patients with postexertional abdominal pain, without unprovoked abdominal pain, and without vomiting appear more likely to achieve favorable surgical outcome. Other factors that were previously found to be predictive of surgical outcomes, such as gender, postprandial abdominal pain, and weight loss of >9 kg, were not found to be associated with surgical outcomes in this study but should be taken into consideration. No useful clinical or imaging feature has been linked to the outcome of nonoperative management. Gastric exercise tonometry and celiac plexus blockade may play a role in assessment of the patient. This uncommon condition is worthy of a multicenter, prospective registry, with preoperative and postoperative imaging and carefully documented outcomes, to better inform clinicians and to improve selection for therapy.
